Abstract. Cisplatin (DDP) based chemotherapy is still the main strategy of human gastric cancer (GC) treatment. However, drug resistance is a major obstacle for DDP chemotherapy. Recent studies indicated that the resistance could be modulated by the regulation of dysregulated microRNAs (miRs). Previous study also found miR-34a was associated with cell proliferation and apoptosis in human GC; however, the relationship between miR-34a and DDP resistance still remains unexplored. The purpose of this study was to investigate whether miR-34a is associated with DDP resistance in human GC cells. Our study found that the expression of miR-34a was significantly decreased in DDP resistance human GC tissues and DDP resistance human GC SGC7901/DDP cells compared with normal GC tissues and cells. Upregulation of miR-34a enhanced the DDP sensitivity of SGC7901/DDP cells to DDP through the inhibition of cell proliferation and induction of cell apoptosis; on the other hand downregulation of miR-34a could weaken the DDP sensitivity of SGC7901 cells to DDP. Further study found that MET was a direct target of miR-34a and the regulation of MET could affect the DDP sensitivity of SGC7901/DDP cells. Moreover, our study also indicated that up regulation of miR-34a could decrease the expression of MET in SGC7901/DDP cells. Therefore, our findings suggested miR-34a could modulate human gastric cancer cell DDP sensitivity by regulation of cell proliferation and apoptosis via targeting MET, potentially benefiting human GC treatment in the future.
Introduction
Gastric cancer (GC) is one of the most common cancers worldwide, and GC is the 2nd leading cause of cancer death (1, 2) . Currently surgery is the main treatment for early GC; however recurrence is very common in GC patients after surgery (3, 4) . Therefore, the combination of surgery and chemotherapy is a new strategy for the treatment of GC (5, 6) . Although chemotherapy has developed rapidly in recent years, cisplatin (DDP) still remains the most widely used for GC treatment (7) (8) (9) . However, the strategy of DDP-based chemotherapy and surgery combination is limited by drug resistance, on the other hand continuous and multiple DDP administration often caused serious side effects (10) . Therefore, improving the sensitivity of human GC cell to DDP is a critical point for resolving the challenge. Previous studies have indicated that cell proliferation, cell apoptosis and DNA repair may play important roles in drug resistance (11, 12) , and the drug resistance always associated with the abnormal activation of some signal pathways (13) (14) (15) (16) .
It is well known that microRNAs (miRs) are a class of short noncoding RNAs. miRs consist of approximately 19-24 nucleotides, and they were involved in post-transcriptional gene regulation or degradation by direct regulation of target messenger RNA or translational repression (17, 18) . Previous studies reported that aberrant miRs were found in many types of human tumors (19) (20) (21) (22) (23) , and some miRs were related to chemoresistance of DDP in human tumor cells (24) (25) (26) (27) (28) (29) . Therefore, the combination of miRs and chemotherapy may play important roles in the treatment of human cancer. Previous study indicated that miR-34a was significantly decreased in human gastric cancer (30) ; however, whether the regulation of miR-34a was associated with DDP drug resistance is still unknown.
In this study, we found the expression of miR-34a was significantly downregulated in DDP-resistant human GC 
Materials and methods
Cell culture. SGC7901 cells were purchased from ATCC. SGC7901/DDP cells were purchased from Nanjing KeyGEN Biotech. Cells were cultured in Roswell Park Memorial Institute (RPMI)-1640 medium supplemented with FBS (10%), penicillin (100 IU/ml) in and streptomycin (100 IU/ml). RPMI-1640, FBS, penicillin and streptomycin were all purchased from Invitrogen. To maintain the DDP resistant phenotype of SGC7901/DDP, SGC7901/DDP cells were cultured with DDP, the concentration of DDP is 1 µg/ml. Before our study, SGC7901/DDP cells were cultured without DDP for 1 week.
Clinical samples. A total of 38 histopathologically confirmed GC patient samples were obtained from the Affiliated Tumor Hospital of Zhengzhou University. All these patients received DDP-based chemotherapy before. The GC tissue samples were collected from these advanced patients who underwent 2 cycles of DDP chemotherapy. The study was approved by the institutional review boards of the Affiliated Tumor Hospital of Zhengzhou University, and written informed consent was obtained from each patient.
Cell viability assay. The cell viability was evaluated by methyl thiazolyl tetrazolium (MTT) assay. First ~5000 cells were seeded into 96-well plate for 12 h, and then the cells were treated with serial concentrations of DDP. At 48 h after DDP treatment, MTT solution was added to each well (1:10), the final concentration of MTT was 0.5 mg/ml, then the cells were incubated for 4 h. The absorbance was read at 570 nm with a microplate reader (MD). Each experiment was performed in triplicate and the data are presented as mean ± SD.
Transfections. miR-34a mimic, miR-34a inhibitor and control were all purchased from Invitrogen. Cells were cultured in RPMI-1640 medium with 10% FBS for 24 h, then miR-34a or miR-34a inhibitor were transfected with Lipofectamine 2000 in antibiotic-free Opti-MEM medium according to the manufacturer's instruction. The final concentration of miR-34a mimic and miR-34a inhibitor was 10 nM. At 6 h after transfection, the medium was changed to RPMI-1640 with 10% FBS. MET siRNA was purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). The protocol used for MET knockdown has been previously described (30) .
RNA extraction and miR-34a examination. SGC-7901 or SGC-7901/DDP cells were treated and cultured, total RNA was extracted from the cells using TRIzol reagent as described by the manufacturer. TaqMan miRNA assays (Applied Biosystems) was performed to examine the expression of miRNA-34a. Briefly, total RNA was reverse transcribed by using a miRNA-specific looped RT primer (Applied Biosystems). Each TaqMan miRNA Reverse Transcription kit was used for a corresponding miRNA. Then qPCR was performed to evaluate the level of miR-34a using TaqMan Universal PCR Master Mix with miRNA-specific TaqMan minor groove binder probes. In the present study RNA U6 was used as an internal control. The relative expression of miR-34a was calculated using the comparative Cycle threshold method. Each experiment was performed in triplicate and the data are presented as mean ± SD.
Flow cytometric analysis of apoptosis. SGC-7901 or SGC-7901/DDP cells were transfected with inhibitor or mimic and treated with DDP for 48 h. The DDP concentration of SGC7901 was 0.5 µg/ml and for SGC7901/DDP was 5 µg/ml. Cells were harvested and submitted to FACS analysis. The cells were double stained with FITC-Annexin v and Propidium iodide (PI), and then the stained cells were analyzed with flow cytometry equipped with Cellquest software. Each experiment was performed in triplicate and the data are presented as mean ± SD.
Luciferase assay. The 3'-untranslated region (3'UTR) sequences of MET was cloned into the downstream region of the firefly luciferase gene, mutant (Mut) MET was used as control. Human gastric cancer SGC7901 cells were cultured for 24 h, pGL3-MET-3'-UTR (WT or Mut) and miR-34a mimic or miRNA mimic control were co-transfected by Lipofectamine 2000. Cells were cultured for another 48 h, and then the cells were harvested for luciferase assay. The Dual-Luciferase Reporter Assay System was used to measure luciferase activity as described by the manufacturer (Promega). The relative luciferase activity was normalized to the renilla luciferase expression. Each experiment was performed in triplicate and the data are presented as mean ± SD.
Western blot analysis. Human GC tissues and cells were harvested and protein was extracted by using RIPA lysis buffer. Total protein (40 µg) was separated on 15% SDS-PAGE gels and electrophoretically transferred onto a PvDF membrane (GE). The PvDF membrane was blocked with 5% non-fat dry milk for ~2 h, and then the PVDF membrane was incubated with specific primer antibodies MET, and GAPDH for 2 h. The PvDF membrane was washed with TBST 3 times, and incubated with horseradish peroxidase-linked second antibody for another 1 h. The PvDF membranes were washed and the proteins were visualized using ECL chemiluminescence and exposed to X-ray film. Each experiment was performed in triplicate.
Real-time PCR to detect the mRNA of MET. Total RNA was isolated from treated gastric cancer tissues and cells using TRIzol reagent as described by the manufacturer (Invitrogen). cDNA was synthesized from total RNA using a Reverse Transcription kit (Applied Biosystems). The primer and probe sequences were: GAPDH primer (F: 5'-TCGACAGTCAGC CGCATCTTCTTT-3'; R: 5'-ACCAAATCCGTTGACTCCG ACCTT-3'; and probe: 5'-6FAM-AGCCACATCGCTCA GACACCATGGG-TAMRA-3'); MET primer (F: 5'-TGC AGCGCGTTGACTTATTCATGG-3'; R: 5'-GAAACCACA ACCTGCATGAAGCGA-3'; and probe: 5'-6FAM-AGGAGA CCTCACCATAGCTAATCTTGGG-TAMRA-3'); Real-time PCR was performed as follows, 95˚C for 10 min followed by 40 cycles at 95˚C for 15 sec and at 56˚C for 60 sec. GAPDH was used as an internal control. Each experiment was performed in triplicate and the data are presented as mean ± SD.
Statistical analysis. The data are expressed as the mean ± SD from at least 3 separate experiments. Statistical analysis was performed by two-tailed Student's t-tests using SPSS 13.0 (SPSS Inc., Chicago, IL, USA) to evaluate the significance of differences between groups. p<0.05 was defined as statistically significant.
Results

DDP resistance of SGC7901/DDP cells.
In order to check the DDP resistance of SGC7901/DDP cells, we evaluated the cell viability of parental SGC7901 cells and DDP resistant SGC7901/DDP cells when exposed to different concentrations of DDP. SGC7901 and SGC7901/DDP cells were cultured and treated with different concentrations of DDP for 48 h; the cell viability was evaluated by MTT assay. As shown in Fig. 1 , when exposed to DDP the cell viability of both SGC7901 cells and SGC7901/DDP cells decreased dose-dependently. The results also indicated that SGC7910/DDP cell lines showed an acquired resistance to DDP compared with the parental SGC7901 cell lines.
miR-34a was downregulated in GC patients with DDP resistance and DDP-resistant SGC7901/ DDP cells. Previous study indicated that the expression of miR-34a was down regulated in human gastric cancer tissues and SGC7901 cell lines (30) .
To further investigate whether miR-34a was associated with human gastric cancer DDP resistance, we measured the expression of miR-34a in 38 GC tissues from advanced patients who underwent 2 cycles of DDP chemotherapy. Response to chemotherapy was evaluated as previous described (31); defined as complete remission (CR), partial remission (PR), stable disease (SD), and progressive disease (PD). In these patients, 11 patients acquired PR, 12 patient acquired SD, 15 patients acquired PD and no patients acquired CR. The expression of miR-34a in these tissue samples was evaluated by qRT-PCR assay, in our study we found that the expression of miR-34a was downregulated in SD, PD group compared with the PR group ( Fig. 2A ). Then we tested the level of miR-34a in DDP resistant GC SGC7901/DDP cells, the results indicated that the expression of miR-34a was also downregulated in SGC7901/DDP cells compared with SGC7901 cells (Fig. 2B) . These results showed that miR-34a was downregulated both in clinical GC tissues and DDP-resistant GC cells. We hypothesized that the regulation of miR-34a may play important roles in DDP resistant human GC cells.
Manipulation of miR-34a expression in human gastric cancer cells.
In order to investigate the biological roles of miR-34a in human gastric cancer cells, we selectively regulated the expression of miR-34a by miR-34a mimic or inhibitor transfection. The qRT-PCR results indicated that the level of miR-34a in SGC7901/DDP cells was significantly increased after the transfection of miR-34a mimic compared with miR-control or parental SGC7901/DDP cells (Fig. 3A) . The results also indicated that the level of miR-34a in SGC7901 cells was significantly decreased with transfection of the cells with miR-34a inhibitor compared with the control and parental cells (Fig. 3B) . Therefore, we selectively manipulated the expression of miR-34a by mimic or inhibitor transfection in this study. 
miR-34a modulates DDP resistance of human gastric cancer cells.
To study the biological activity of miR-34a, miR-34a mimic or inhibitor transfected SGC7901/DDP or SGC7901 cells were cultured with DDP; the cell viability was evaluated by MTT assay. The results indicated that transfection of miR-34a mimic significantly decreased the cell viability of SGC7901/DDP cells, while the transfection of mimic control showed no influence compared with parental SGC7901/DDP cells (Fig. 4A) . The results also indicated that transfection of miR-34a inhibitor significantly increased the cell viability of SGC7901 cells compared with the control and the parental SGC7901 cells (Fig. 4B) . These results demonstrated that miR-34a could modulate the DDP resistance of human gastric cancer cells.
miR-34a modulated the DDP-induced apoptosis in human gastric cancer cells.
To investigate whether the regulation of cell viability was through the regulation of cell apoptosis, miR-34a mimic or inhibitor transfected SGC7901/DDP or SGC7901 cells were cultured with DDP, and then the cells were harvested. FACS assay was performed to evaluate cell apoptosis. As shown in Fig. 5 the transfection of miR-34a mimic significantly increased cell apoptosis of SGC7901/DDP cells (Fig. 5A) , while the transfection of miR-34a inhibitor decreased apoptosis of SGC7901 cells (Fig. 5B) . These results demonstrated that miR-34a modulated the DDP induced human gastric cancer cell apoptosis.
MET is the target gene of miR-34a. Previous study predicted that MET gene was the target gene of miR-34a (30) . In our study we searched the potential target genes of miR-34a by using TargetScan, PicTar and miRanda program. The predicted results also indicated that MET was a direct target gene of miR-34a (Fig. 6A ). To confirm MET was the direct gene of miR-34a, dual luciferase assay was performed. Human gastric cancer SGC7901 cells were co-transfected with pGL3-MET and mimic miR-34a and cultured, then luciferase was tested. The results indicated that the induction of miR-34a led to a reduction of luciferase in SGC7901 cells co-transfected with MET WT, while there was no impact of luciferase in SGC7901 cells co-transfect with MET Mut (Fig. 6B) . The result indicated MET is a direct target of miR-34a.
MET was differently expressed in GC patients with DDP resistance and DDP-resistant SGC7901/ DDP cells.
Then we examined the expression of MET in human GC patients and GC patients with DDP-resistance. Both the western and RT-PCR results demonstrated that the MET was overexpressed in DDP resistance patients (PD+SD) compared with human GC patients (PR) (Fig. 7A ). Further study indicated the level of MET was also upregulated in SGC7901/DDP cells compared with SGC7901 cells (Fig. 7B) . These results demonstrated that MET was overexpressed in DDP resistant GC patients and DDP resistant SGC7901/DDP cells. MET is related to DDP resistance in GC cells. Then we investigated the relationship between the expression of MET and the DDP resistance in human GC cells. SGC7901/DDP cells transfected with MET siRNA were co-cultured with DDP, the cell viability was evaluated by MTT assay. The results indicated that the cell viability in MET siRNA group was significantly decreased compared with the control and parental group (Fig. 8) . Therefore, the expression of MET was associated with the DDP resistance in human GC SGC7901/ DDP cells.
miR-34a modulates DDP resistance by repressing MET.
Finally we investigated the DDP resistance mechanism of miR-34a in human GC cells. Our study demonstrated that transfection of miR-34a mimic significantly decreased the level of MET in SGC7901/DDP cells (Fig. 9A ) while transfection of miR-34a inhibitor significantly increased the level of MET in SGC7901 cells compared with mimic control and parental cells (Fig. 9B) . Therefore, upregulation of miR-34a led to a decreased expression of MET in human gastric cancer cells.
Discussion miR-34 is a class of conserved miRs widespread in mammals (32) . miR-34 family consists of miR-34a, miR-34b and miR-34c; the expression of miR-34a is much higher than miR-34b and miR-34c in human organs (33) . Previous studies reported that the level of miR-34a was downregulated in many human cancers (34, 35) . Wei et al reported that miR-34a was also downregulated in human gastric cancer (30) , it is reported that miR-34a inhibited proliferation invasion and progression in colon cancer and glioblastoma (36, 37) . These findings demonstrated that miR-34a plays important roles in human cancers; however the relationship between miR-34a and the DDP sensitivity in human gastric cancer is still unknown. In order to investigate the relationship between miR-34a and DDP resistance in human gastric cancer, we examined the expression of miR-34a in the DDP resistant GC patient tissue and DDP resistant cell line SGC7901/DDP. The results indicated that the expression of miR-34a was significantly decreased in DDP resistance GC patients and DDP resistant SGC7901/DDP. Further study indicated that upregulation of miR-34a could inhibit the proliferation of SGC7901/DDP cells and induce SGC7901/DDP cell apoptosis when treated with DDP. On the other hand, downregulation of miR-34a increased the cell proliferation of SGC7901 cells and decreased SGC7901 cell apoptosis when treated with DDP. Therefore, the downregulation of miR-34a contributed to the decreased sensitivity of SGC-7901 cells to DDP, and upregulation of miR-34 could increase the sensitivity of SGC-7901/DDP cells to DDP.
By using miR target tools we confirmed MET was a target gene of miR-34a. The dual luciferase assay study indicated that MET is a direct target gene of miR-34a. We also found that the expression level of MET was significantly increased in DDP resistant GC patient tissues and cell lines. MET is an oncogene, it was associated with tumor progress and metastasis (38) . A previous study indicated that the level of MET was a predictive marker for human colorectal cancer (39) . Downregulation of MET lead to the regulation of PI3K signal pathway in human ovarian cancer (40) . Dang et al reported that the regulation of miR-34a contributed to hepatocellular cancer malignancy through targeting MET (41) . However, there are few studies reporting on the relationship between MET and DDP resistance. We investigated whether the regulation of MET was associated with the DDP resistance by using siRNA knockdown assay, and the results indicated that knockout MET could inhibit the SGC7901/DDP cell proliferation when treated with DDP. These findings suggest upregulation of miR-34 could be sensitive to the DDP resistance of human gastric cancer SGC7901/DDP cells through targeting MET. As a potential concern miR-34a could also non-specifically bind to other mRNAs, which would cause unwanted side effects. To resolve the potential unwanted side effects more studies of miR-34a function are needed. In conclusion, the miR-34a expression was significantly downregulated in DDP resistant GC patients and GC cell lines. The upregulation of miR-34a enhanced the sensitivity of human GC cells to DDP treatment through regulation of cell proliferation and apoptosis via the regulation of the MET gene. These results suggested that the combination of miR-34a transfection with DDP treatment might be a new strategy for the treatment of human GC.
